The taxonomic positions of several recently described species, Levinea malonatica, Levinea amalonatica, Citrobacter diversus, and Enterobacter agglomerans, were investigated by numerical analysis. A set of 141 strains, for which a total of 240 characters was recorded, was analyzed and also compared with representatives of a set of 384 strains of bacteria, examined in an earlier study, representing genera within the family Enterobacteriuceae . Three clusters of Citrobacter spp. were observed, Citrobacter freundii, Citrobacter spp. , and Levinea amalonutica, with strains received as Citrobacter diversus and Levinea malonatica clustering with the Citrobacter spp. Citrobacter intermedius was concluded to be synonymous with C. freundii. L . malonatica, from the results of this study, was included in the species C. diversus. Hydrogen sulfide-positive strains of Escherichia coli were not judged to warrant separate species status. Klebsiella aerogenes, Klebsiella pneumoniae, Klebsiella oxytoca, and Klebsiella edwardsii were found to be highly related (similarity values > 90%). It is proposed that these species be merged into a single species, Klebsiella pneumoniae.
In a recently published study, 384 strains of bacteria representing genera within the family Enterobacteriaceae and the genus Yersinia were subjected to numerical analysis (38). Thirty-three phenetic clusters were distinguished, and these, for the most part, corresponded to the established species within the family Entero bacteriaceae . Useful information concerning taxonomic relationships among the E nterobacteriaceae was obtained. However, some members of the Enterobacteriaceae, including Erwinia, and the more recently described species Levinea malonatica, Levinea amalonatica, Citrobacter diversus, Enterobacter agglomerans, and Erwinia, were not represented. Therefore, an additional 141 strains of Enterobacteriuceae were examined, and the results were compared with those of the previous study.
Morphology.
Strains were subcultured onto Trypticase soy agar (BBL) and incubated at 30 C for 19 to 24 h. Cell form was examined by staining with Loeffler methylene blue. An India ink, wet-film method was used to detect capsules. Flagella were observed using Leifson's stain (11) and by electron microscopy. Gram reaction was determined using the Hucker modification of the Gram staining procedure (11). Colonial morphology was described from cultures grown on Trypticase soy agar (BBL) for 18 to 24 h at 30 C. Growth in nutrient broth was determined using heart infusion broth (Difco), followed by incubation at 30 C for up to 5 days.
Pigmentation. Pigmentation was recorded from observation of growth on the media of King et al.
(411, yeast extract-mannitol agar (27), and heart infusion agar (Difco) containing either 0.2% (wt/vol) DL-phenylalanine or 0.5% (wt/vol) tyrosine.
Physiology and resistance. Tolerance to sodium chloride was detected in nutrient broth (Difco) containing 0, 0.5, 3.0, 5.0, 7.0, or 10% (wt/vol) NaCl. Temperature growth ranges (0 to 44.5 C) for cultures were determined in nutrient broth (Difco). Range of pH (4.0 to 10.0) for growth was tested on nutrient agar (Difco) in which the pH was adjusted, after autoclaving, with tris(hydroxymethyl)aminomethane and citrate phosphate buffer, Hemolysis was detected on heart infusion agar (Difco) containing 2% washed sheep red blood cells. Antibiotic sensitivities were tested on heart infusion agar (Difco) containing one of the following antibiotics: penicillin (2.5 U and 10 U), dihydrostreptomycin (2. 5 Enterobacter agglomerans 1743-71 NCDC a Key to sources given in footnote a , Table 3 .
terramycin (2.5 pg and 30 pg), tetracycline (2.5 pg, 10 pg, and 30 pg), or polymyxin B (50 U). Sensitivity to Vibriostat 01129 was detected by placing several crystals of the reagent on freshly inoculated heart infusion agar (Difco). Biochemical reactions. The mode of glucose metabolism was tested using the oxidation-fermentation medium of Hugh and Leifson (BBL). Production of acid and gas from other carbohydrates or carbohydrate derivatives was detected in peptone water (Difco) containing Andrade indicator and 1% (wt/ vol) filter-sterilized carbohydrate.
Other reactions included in the analyses were as follows: production of dextran or levan on nutrient agar (Difco) containing 5% (wt/vol) sucrose; methyl red and Voges-Proskauer in MRVP broth (BBL); oxidase by the methods of Kovacs (44) and Gaby and Free (29); catalase activity was detected in heart infusion broth (Difco) after incubation for 24 h, followed by the addition of several drops of 20% hydrogen peroxide; phosphatase by the method of BairdParker (2); reduction of nitrate and nitrite determined in peptone water (Difco) containing 0.1% potassium nitrate or potassium nitrite; gelatin liquefaction on Kohn charcoal-gelatin (42) on agar slant cultures incubated for 10 days at 30 C; agar digestion by the method of Colwell and Wiebe (11); action on litmus milk; growth and hydrolysis on skim milk agar made from heart infusion agar (Difco) containing 1% skim milk; ammonia production from Trypticase peptone water (BBL); hydrogen sulfide production from semisolid medium containing 2% thiotone (BBL), 0.5% NaCl, and 0.02% ferric ammonium citrate; hydrogen sulfide from cystine detected in a semisolid medium containing 1% Trypticase, 0.02% L-cystine, 0.5% NaC1, and 0.02% ferric ammonium citrate; Christensen urease (BBL); Rustigan urease (56); indole production determined by the method of 
60
, and 80 on Sierra medium (59); corn oil lipase detected on the corn oil medium of Hugo and Beveridge (36); hydrolysis of tributyrin on heart, infusion agar containing tributyrin; citrate utilization on Koser (43), Simmons (60), and Christensen media (9); phenylalanine deaminase detected on phenylalanine agar of Ewing et al. (23); amino acid decarboxylases in Msller medium (Difco) containing arginine, lysine, ornithine, or glutamic acid; starch hydrolysis on heart infusion agar (Difco) containing 0.2% starch; esculin hydrolysis by the method of Vaughn and Levine (65); serum digestion on Loeffler inspissated serum incubated for 10 days a t 30 C; eggwhite digestion on Dorset egg slants (BBL) incubated for 10 days a t 30 C; cooked meat digestion tested in cooked meat medium (Difco) incubated for 10 days at 30 C; beta-galactosidase detected by the method of Le Minor propanol, p-alanine, spermine, betain, sarcosine, ~-aalanine, D-a-alanine, threonine, glycine, arginine, ornithine, lysine, leucine, serine, histidine, phenylalanine, tryptophan, tyrosine, citrulline, valine, isoleucine, and proline. Other reactions included in the analyses were as follows: growth, slime production, and oxidation of gluconate were recorded on Haynes medium (34); chitin hydrolysis was determined by the method of Benton (4); ammonia from arginine was detected in arginine broth of Niven et al. ( Computation of data. A total of 240 characters was investigated. The data were coded in binary notation, using 1 for positive and 0 for negative. Noncomparable or missing characters were coded as 3 and were not included in subsequent calculations. All characters were assigned equal weight, and subsequent computations were carried out on an IBM 370/165 electronic computer using a numerical taxonomy program developed by one of us (R.R.C.). Similarities between every pair of strains were calculated using both the coefficient of Jaccard, S,, in which negative matches are excluded from the calculations, and by the simple matching coefficient, S , , which includes negative matches in the similarity computation. Subsequent clustering was derived by single linkage analysis using the S, coefficient (62).
RESULTS
The results of the initial computations are shown in Fig. 1 and 2 Fourteen strains of E . coli capable of producing hydrogen sulfide when grown on peptone iron agar joined with a non-H,S producer at 81% similarity. Thirteen of the strains, all capable of producing hydrogen sulfide, joined at 85%. Members of this cluster shared highest similarities with other strains of E . coli which did not produce hydrogen sulfide. Characters useful for differentiating the two clusters are shown in Table 2 .
Eight strains received as Citrobacter freundii or C . intermedius formed a separate cluster at the 86% similarity level and were joined by a single strain of C. freundii (strain 42 in Fig.  1 ) at 84%. Four of the nine strains were labeled C. freundii, and the remaining five strains were labeled C. intermedius. The strains did not separate into two subgroups on the basis of their specific epithets, although one character, production of hydrogen sulfide on peptone iron agar, was positive for the C. freundii strains and negative for C . intermedius strains.
Fourteen strains received as Leuinea malonatica and Citrobacter diversus formed a cluster at 89% similarity. Here again there was no evidence of subgroups corresponding to the nomenclatural designation, although strains labeledL. mulonutica, unlike those of C. diuersus, were able to hydrolyze esculin and were unable to utilize citrate, when grown in the medium of Kauffmann and Petersen, or produce acid from cystine. All 14 strains formed a cluster which joined at the 84% phenon level with three strains of L . amalonatica. These latter strains, which included the type strain (ATCC 25405, our strain 611, formed a highly homogenous group at 94% and differed from the L. malonaticalC. diuersus cluster in eight characters, among which were included ability to produce acid from adonitol and to grow in Msller potassium cyani,de medium and on propanol and para-hydroxybenzoate as sole carbon sources. Propionate was not utilized as a sole carbon source nor was malonate reduced in Ewing medium.
Seven strains, six of which were received as Enterobacter agglomerans, and the other, as an unidentified coliform, grouped together at the 79% similarity level. All strains were motile and five of the seven were aerogenic. All were capable of growth in Msller potassium cyanide medium; however, this group showed considerable variation in a great majority of characters recorded.
Finally, nine strains received as Klebsiella pneumoniae, Klebsiella oxytoca, or Klebsiella edwardsii formed a cluster. These strains grouped a t 85% similarity, and, within this cluster, seven strains of K . pneumoniae and K . oxytoca formed a group a t 87%, whereas the two strains ofK. edwardsii formed a separate group at 86% before joining the other strains. K . oxytoca strains were able to hydrolyze starch, produce indole, and produce acid from a-methyl glucosamine but not to produce hydrogen sulfide from cysteine. They were also able to utilize enanthate as a sole source of carbon. The strains received as K . pneumoniae did not share these characteristics. On the whole, strains of K . pneumoniae and K . oxytoca tended to be more biochemically active than those of K . edwardsii. K . pneumoniae gave positive results for the following characters, whereas negative results were obtained for K . edwardsii: acid from lactose and melibiose, growth on 4.5% sodium chloride, hydrogen sulfide from cysteine, growth on 0.1% cetrimide and glycerol, and growth on tartrate, benzoate, and hippurate as sole carbon sources. Preliminary analysis of the data obtained for the 141 strains indicated that the strains received as C. freundii and C . intermedius should be placed in the same species. C. diversus and L . malonatica also appeared to be synonymous.
L . amalonatica, however, was observed to be distinct from this C. diversusll. malonatica group. K . pneumoniae, K . oxytoca, and K . edwardsii appeared to constitute another single species, whereas some strains of E . agglomerans shared sufficient characters that they grouped together, although other strains received as E . agglomerans or Erwinia species were distinctly different and constituted the majority of the strains which did not belong to any of the 19 clusters.
DISCUSSION
In general, the results obtained from the phenetic analysis were similar to those obtained previously (38) . To determine the stability of the clusters formed by those strains not included in the previous study, all of the strains included in this study were combined with 196 strains whose characteristics have already been reported (38). A computer analysis was undertaken in which the new total of 337 strains ( Table 3 ) was compared over 196 features. Similarities between every pair of strains were calculated using the Jacard coefficient, and subsequent clustering was derived by singlelinkage analysis. A simplified dendrogram showing the arrangement of the strains is illustrated in Fig. 3 . The general arrangement of the clusters was observed to be similar to that described previously, as was expected (38).
The main points of interest are as follows: the difference between the two clusters of Citrobacter (C. freundii and Citrobacter spp.); the relationships of the hydrogen sulfide-producing strains of E . coli to those strains incapable of producing hydrogen sulfide; the large cluster designated Klebsiella aerogenes and Enterobacter aerogenes; and, lastly, the wide dispersion of strains received as Enterobacter agglomerans or Erwinia species.
All strains received as Citrobacter diversus and Levinea species clustered with the Citrobacter species, although, within this cluster, three strains of L. amalonatica again formed a separate subgroup at a very high level of similarity. Strains labeled as C. freundii or C . intermedius were located in the C. freundii cluster.
Strains of Escherichia coli which did not produce hydrogen sulfide (strains 34, 35, 36, 37, 905-65, 916-65, 897-65, and 193-68) fell in close proximity to the H,S-positive strains but were somewhat dispersed. However, they could be distinguished on the basis of selected characters, as shown in Table 2 .
The cluster designated Kle bsiel la aerogenes and Enterobacter aerogenes contained strains Werkman and Gillen (67) proposed the genus Citrobacter based on studies of 15 strains. They subdivided the genus into seven species: C. fieundii, C. album, C . glycologenes, C. intermedium, C. decolorans, C. diversum, and C. anindolicum. However, only three species have been widely accepted.
FIG. 2. Dendrogram showing separation of strain clusters.
Werkman and Gillen's description of C. freundii was based on two strains. Nevertheless, it has now become recognized as a legitimate species, although description of the species has been broadened on the basis of studies on larger numbers of strains (20). Their description of Citrobacter intermedium was based on four strains, and the species description differed from C. freundii in several characteristics (see Table 5 ). Tittsler and Sandholzer (64) examined two of the strains (MSBK and 24R) which Werkman and Gillen assigned to C. intermedium and noted that both produced acid from salicin and hydrogen sulfide on lead acetate agar (the medium used by Werkman and Gillen).
It has since been confirmed by other authors that strain M8BK does, in fact, produce hydrogen sulfide and is capable of acidifying salicin. Detailed characterization of this strain at the American Type Culture Collection (ATCC 6750) indicated that it is a typical strain of C . freundii, as this species is presently defined (15) . Table 5 shows characteristics employed by Werkman and Gillen for differentiation of C. freundii from C . intermedium. Also included in the table are results for the same characteristics given for C. freundii, as defined by Ewing. The single difference between C. intermedium and Ewing's definition of C. freundii is the production of hydrogen sulfide, the characteristic that Werkman and Gillen had recorded incorrectly. The differences between C. freundii of Werkman and Gillen and C. intermedium were more apparent than real, and they recede when larger numbers of strains are examined. In addition, the only authentic strain of C. intermedium now extant (ATCC 6750) has been shown to be a typical C. freundii. Thus, we must conclude that the two species are synonymous names, and we propose that C. freundii be retained on the grounds of priority.
Macierewicz (50) studied 27 strains which failed to produce hydrogen assigned to a new genus, ever, Macierewicz failed to for this genus. Frederiksen sulfide. These were
Pad 1 e w s k ia . Howpropose any species (28) proposed a new species, Citrobacter koseri, for 30 strains similar to those of Macierewicz, although they differed in the production of acid from adonitol, gelatin hydrolysis, and growth in Msller potassium cyanide medium (see Table 4 ). In a study of 108 strains, Young et al. (68) proposed a new genus, Levinea, with two species, L . malonatica and L . amalonatica. Examination of Table 4 indicates that L. malonatica is identical to C. koseri, whereas L . amalonatica is identical to Padlewskia, a conclusion shared by Sedlak (58) . C. koseri has priority over L . ma- lonatica, whereas L . amalonatica should be retained over Padlewskia, since a type species of the latter was not proposed. Ewing and Davis (22) also reported on strains similar to those described by Young et al. (68) and Frederiksen (28). Examination of the literature led them to conclude that the name C . diversus (Burkey) Werkman and Gillen was the appropriate species for many of the isolates, although they commented that there were some differences between the description provided by Werkman and Gillen and their own. Table 4 shows that C. diversus, as described by Ewing and Davis, is significantly similar in its characteristics to C. koseri and L . malonatica. Therefore, the logical conclusion is to consider these synonymous. It can be argued that the differences between the description by Werkman and Gillen and that by Ewing and Davis are sufficiently great to preclude consideration of the strains as belonging to the same species. Werkman and Gillen, for example, recorded C. diversum as nonmotile, giving an indefinite methyl red reaction, producing hydrogen sulfide, and not producing acid from inositol. The difference in hydrogen sulfide production can be explained by the test methods employed, since the lead acetate agar used by Werkman and Gillen is more sensitive than the triple sugar iron medium used by Ewing and Davis. On the basis of data for the two strains included in this study, we do not feel that the other characters are sufficient in number to determine that the strains are different species.
Comparison of C. diversus, L . malonatica, and C . koseri gives a strong indication that all of those strains belong to the same species and that C. diversus has priority. The argument that the original description of C. diversum may be inadequate appears dubious, even though some characteristics such as amino acid decarboxylase reactions were not recorded.
Ewing and Davis (22) also reported that strains of L. amalonatica and Padlewskia appeared to be identical to strains of C. freundii that were hydrogen sulfide negative and indole positive. Even though they retained these strains as variants of C. freundii, evidence appears to be accumulating that suggests either that there is a closer relationship to C. diversus or that these strains should be considered a separate species, intermediate between C. freundii and C . diversus. The phenetic analysis used in this study resulted in separation of L . amalonatica from the C . diversus group. Gross and Rowe ( The authors postpone the naming of L . amalonatica as a species of Citrobacter until the legitimacy of the specific epithet "amalonatica" has been studied.
Hydrogen sulfide variants of Escherichia coli. Judging by overall phenetic similarity and the individual biochemical test results, there is little doubt but that the hydrogen sulfide-producing strains of Escherichia coli belong with the more typical strains within the same species. The possibility exists, however, that they may be confused with Citrobacter. Some of the more useful differentiating characteristics are shown in Table 7 . Lautrop et al. (46) and Darland and Davis (14) reported the occurrence of H,S-positive strains. Thus, it appears that these strains represent a very small proportion of E . coli strains isolated from clinical specimens. They also exhibit biochemical and serological variability and do not represent a restricted biotype of the species. The property may sometimes be lost and can also be transferred to H,S-negative strains; it has been SAKAZAKI ET AL.
INT. J . SYST. BACTERIOL. shown that the ability to produce hydrogen sulfide is associated with a plasmid (54).
The enigma of the clustering of Klebsiella aerogenes and E ntero bacter aerogenes remains to be solved. In our previous study, we argued in favor of retaining K . pneumoniae for a group of strains received as K . pneumoniae, K . aerogenes, and some unidentified KZebsieZla species (38). In this study, a similar cluster was formed, but in addition to the above-named strains, K . oxytoca and K . edwardsii also fell into this group. Kaluzewski (39) favored granting specific status to K . oxytoca for the indolepositive strains. Brskov (53) retained the name K . oxytoca for those strains which are indole positive and liquefy gelatin. On the other hand, Cowan et al. (12) followed the earlier dictum of Lautrop (45) and excluded K . oxytoca from the genus altogether. They subdivided 176 strains of KZebsieZZa into six groups, differentiated on the basis of 13 characteristics. Four groups were assigned specific rank: K . aerogenes, K . pneumoniae (sensu stricto), K . rhinoscleromatis, and K . ozaenae, whereas the other two groups were given varietal status in a new species, K . edwardsii. The results of a phenetic analysis (3) showed unequivocally that strains of K . aerogenes, K . pneumoniae (sensu stricto), K . oxytoca, and K . edwardsii were highly related, with similarities of >W%. It Genus Erwinia. The present studies have not provided any help towards settling the taxonomic conundrum presented by the genus Erwinia. It would appear from the literature that three grbups exist, corresponding to those described by and Lelliot (47). A fourth group of atypical erwiniae (19) has disappeared through reallocation of the strains to other already existing genera (5, 10). The three groups correspond to what are sometimes called the "true" Erwinia or "amylovora" group, i.e., those species which cause wilts, galls, or dry necrwis of plants; the "carotovora" group, corresponding to Waldee's Pectobacterium (66), or soft-rot organisms; and the herbicola-lathyri group, or Enterobacter agglomerans (24-26).
Evidence from phenotypic analyses and DNA-DNA homology studies (5, 7, 30) divides the amylovora group into six species and the carotovora group into five species. The agreement between the two approaches is extremely good, and the consensus of opinion is for retaining the two groups within the family Enterobacteriaceae, but probably as two separate genera, Erwinia and Pectobacterium, respectively.
The third group consists of yellow-pigmented strains, which are more and more frequently being isolated in clinical situations. These strains are of doubtful phytopathogenicity and have, in the past, been assigned a variety of names. Dye (18) and Lelliot (47) subdivided the group into three species, Erwinia herbicola (with two subspecies, subsp. herbicola and subsp. ananas), Erwinia uredovora, and Erwinia stuartii. However, Ewing and Fife (24-26) grouped all three species into a single species which they placed in the genus Enterobacter as E . agglomerans. Nevertheless, they found it necessary to subdivide E . agglomerans into 11 biogroups on the basis of reduction of nitrate, Voges-Proskauer, and indole reactions. Ewing and Fife (24) argued that many of the characteristics of these strains are uniform, and thus they can be included in a single species. However, examination of their tabulated results presents a somewhat different picture. There is significant biochemical variability within this group, with no justification for creation of a species "ragbag" for purposes of assigning nomenclature to an otherwise unidentified isolate. It also appears that Ewing and Fife are not entirely convinced that the species E . agglomerans will not have to be divided at a later date or conceivably that a new genus will not have to be created for these strains. In citing some unpublished data, Brenner et al. (5) indicated that, on the basis of DNA-DNA homology studies, at least 10 different hybridization groups exist within the herbicola group. In view of the coincidence between his hybridization divisions and the phenetic divisions of Dye in the amylovora and carotovora groups, one wonders whether there will also be a striking similarity in the herbicola group.
Strains received as Erwinia species or Enterobacter agglomerans in this study exhibited as much biochemical diversity as reported by other workers. Figures 1 and 2 indicate that seven strains did form a cluster (designated E . agglomerans) at about 78% similarity. However, when the number of strains in the analysis was increased (Fig. 31, this cluster was not robust, and the strains were observed to be more loosely aggregated. On the basis of data for 20 strains of Erwinia, taxonomic recommendations may not be warranted except that very little justification is provided for Enterobacter agglomerans to be a species group as it is presently defined.
In conclusion, some useful observations concerning the taxonomy of several species and genera of the Enterobacteriaceae have been provided by this study. It is hoped that continuing investigations will further clarify those taxonomic issues which are as yet unresolved.
